The effects of sage extract on the activity of intestinal alkaline phosphatase (AP), proliferative ability of enterocytes, and growth performance in chickens were studied during 42 days of the experiment under commercial conditions. A significant increase of body weight gain was found in chickens fed with sage extract in the grower period (17-29 days of age) and in the finisher period (30-42 day of age). Total serum proteins were significantly (p < 0.05) increased at 29 days of age in animals treated with sage extract. A significant (p < 0.001) decrease in activity of intestinal AP was demonstrated on 29 and 42 days in animals fed with sage extract complemented diet. Proliferative activity of enterocytes was increased (p < 0.01) in the finisher period along the duodenal villi in animals treated with sage extract. We conclude that the higher growth performance was probably due to improved endogenous secretion of the liver as a consequence of increased total proteins mainly in the grower period. Decreased activity of intestinal alkaline phosphatase was not in correlation with proliferative ability of enterocytes and the lower activity of AP could be influenced by improved digestion of lipids.
Recent trends and development in the area of animal nutrition have been characterized by an increasing interest in the potential impact of plants, herbs and spices on the animal growth performance.
Previous studies demonstrated that many Salvia species and their isolated constituents possess antioxidant activity (Zupko et al. 2001) , antiinflammatory activity (Howes et al. 2003) and cholinesterase inhibition effect (Perry et al. 2001 .
Mechanism for the interaction of plants including Salvia spp. with host organism may be related to intestinal and extraintestinal effects. Intestinal effects may be explained by the effects on the microflora (Taylor 2001) or intestinal mucosal system (García et al. 2007) . Microflora can influence activities of certain enzymes involved in the metabolism uptake, and incorporation by enterocytes of dietary nucleic acids components (Whitt and Savage 1988) .
Proliferative activity of enterocytes is the sign of healthy tissue turnover and maintenance (García et al. 2007 ). Unlike mammals, chicken enterocyte proliferation is not localized only in crypt region and the site of enterocyte differentiation is not precisely localized (Uni et al. 1998) .
One of the crucial enzymes to altered function of the small intestine is alkaline phosphatase (AP) present mainly in the microvillous zone of absorption cells of intestinal villi (B a j i n -K a t i č et al. 2006) . The intestinal AP participates in the active capture and transport of lipids. Feeding a high-fat diet produced changes in the brushborder membrane lipid composition and increased intestinal AP activity (K a u r et al. 1996; M o z e š et al. 2007 ). Activity of intestinal AP is the highest in the duodenal brush border, decreasing longitudinally to the large intestine with no activity in the stomach (A k i b a 2007).
Earlier in vitro and in vivo experiments demonstrated that administration of sage oil extracts has a beneficial effect on activities of the digestive system of the body. For the present, however, there is no information about the effect of sage oil extract on the proliferative ability of enterocytes and expression of intestinal AP in relation to the growth performance of broilers.
Materials and Methods

Plant aromatic oil
The plant aromatic oil (100% v/v [volume/volume] ) was isolated from the leaves of sage (Salvia officinalis L., family Labiateae) by steam distillation of plant material in Calendula joint-stock company (Nová Ľubovňa, Slovak Republic). The percentile range of the main components was analysed by gas chromatography (GC) using Hewlett-Packard 5890 Series II (injection input split splitless, capillary column HP-5, detector FIF, automatic injector HP 7673) with nitrogen as carrier gas (Pavlišinová and Danielovič 2007) . The percentile ranges of the main components of the aromatic oils utilized in the experiment are reported in Table 1 .
Chickens and diets
Sixty 1-day-old Ross 308 hybrid broiler chickens were obtained from a commercial hatchery. Individually weighed chickens were divided at random into experimental (S, n = 30) and control (C, n = 30) groups. The chicks were housed in two-floor pens located in one hall of a commercial broiler chicken fattening farm (Michalovce, Slovak Republic). The pens were identical, with the same direction and covered area (0.12 m 2 /broiler chicken). The animals had constant access to feed and water from identical fixtures. The broiler chicken flock studied for 42 days was fed with three commercial diets (BR1, BR2, BR3, Poľnonákup DOMICA, Plešivec, Slovak Republic) with anticoccidicum salinomycin sodium and without antibiotics or growth promoters. The diets corresponded to the standards for broiler chickens in Feeding Norms for Poultry (1996) . The herbal extract, aromatic oil isolated from sage (Salvia officinalis L., Labiateae) was included in the diet of the experimental group of chickens in a dosage calculated according to the thujone content (507.3 ppm -2.52 ml·kg -1 ) as well as according to the results of chemical and palatability tests.
Performance indicators
During the experiment the body weight of chickens was monitored at 7-days intervals. Feed was weighed on the same days to evaluate the feed consumption and feed conversion ratio.
Feed analysis
The experimental diets were dried at 102 °C for 16 h in a forced air oven and analysed for dry matter, crude protein, crude fat, crude fibre, and ash by methods of Javorský et al. (1987) . The dietary amino acid were analysed using the AAA400 amino acid analyser (INGOS, Czech Republic) according to Regulation 1998/64 of European Community. Lysine was determined after hydrolysis with 6 M HCl, and methionine and cystine were determined after oxidative hydrolysis. The content of calcium, phosphorus and sodium were determined by atomic absorption spectrophotometry (AAS) with Shimadzu AA-6200 (Javorský et al. 1987) . The nutrient analyses of the experimental diet are detailed in each group at 2, 4, and 6 weeks of age were anaesthetized with intraperitoneal injection of xylazine (Rometar 2%, SPOFA, Czech Republic) and ketamine (Narkamon 5%, SPOFA, Czech Republic) at doses of 0.6 and 0.7 ml . kg -1 body weight, respectively. After laparotomy, blood was collected into tubes by intracardial punction, samples for sera analyses were frozen and stored at -20 ºC. During the following necropsy the samples from the intestine were taken into the formalin for PCNA analysis, and into the nitrogen for histochemical analysis.
Biochemical and immunological assays Serum total protein concentration (g·l -1 ) was determined spectrophotometrically using the Bradford's method at 595 nm (Bradford 1976) .
Serum total immunoglobulins were measured by zinc sulphate turbidity (ZST) reaction in modification of McEvan's method (McEvan et al. 1970) . Briefly, 25 μl of tested sera were mixed with 1.7 ml 0.7 mmol·l -1 5.8 pH zinc sulphate (208 mg·l -1 l; Merck, Germany). The mixture was shaken, incubated for 2 h at room temperature and light absorption was measured photometrically at 590 nm (Spekol 11, Carl Zeiss, Jena, Germany). Blood serum mixed with PBS at the same ratio was used as the blank. The immunoglobulin contents of the tested sera were derived from a calibration curve plotted on a basis of turbidity values corresponding to four dilutions of the standard serum samples (Precinorm Protein, ROCHE Diagnostics, USA). Zinc sulphate turbidity reaction -the visual readings of the density of turbidity were performed by a comparative method. The turbidities of the tested samples, obtained by zinc sulphate reactions, were compared to the turbidities of five dilutions of the standard serum (1.44, 2.16, 2.88, 3.59, 4.31 g·l -1 ). Serum content of calcium, phosphorus and sodium were determined by atomic spectrophotometric absorption spectrophotometry (AAS) with Shimadzu AA-6200 (Javorský et al. 1987 ).
Histochemical assay
The frozen tissue was cut (7 µm) in a cryostat at -25 ºC, then tissue sections were transferred to supporting glass slides and air-dried. Demonstration of alkaline phosphatase activity was performed using a modified simultaneous azocoupling method (Lojda et al. 1979) . The incubation medium contained naphtol AS-BI phosphate (Sigma, Germany), Fast blue BB (Aldrich, Germany) and veronal acetate buffer (pH 9.2). The samples were incubated at 37 ºC for 10 min, using the substrate concentration of 2.0 mmol·l -1 and pH 8.9. Enzyme activity was analyzed cytophotometrically with a Vickers M85a microdensitometer. The measurements were performed using × 40 objective, an effective scanning area of 28.3 µm 2 and scanning spot of 0.5 µm. The integrated absorbance was measured at a wavelength of 480 nm. The mask was set over at least 30 brush border areas along the villus length in five sections of the jejunum. The AP activity was calculated as the absorbance values recorded by the instrument/min/µm 3 brush border and their mean values were referred to one animal.
Proliferating cell nuclear antigen (PCNA) assay Samples were taken from the caudal part of the duodenum, fixed in 10% neutral buffered formalin and embedded in paraffin. The examination of PCNA was carried out on the 5 μm tissue sections with commercial Animal Research Kit (ARK) according to the special included protocol (DAKO, Denmark). The kit contained monoclonal mouse anti-PCNA antibody (Clone PC10; DAKO, Denmark) and all the components (peroxidase block, streptavidin HRP, blocking reagent, biotinylation reagent and DAB tablets) needed for examination. Negative controls were obtained by omitting the primary antibodies. The positively stained cells in three duodenal sections per animal were counted in a standardized area at the tip, middle, and at the base of villi. Five areas were selected at random from each of these sites using the ocular graticule LTD 0.25 mm IdXD rd (Tonbridge, Kent, UK). Measurements were performed using the light microscope (Nikon, Type 104, Japan) at a magnification of × 400. Mean values and standard deviations were calculated.
Statistical analysis
The effect of essential sage oil on AP activity was analyzed by two-way ANOVA with post-hoc Fisher's LSD test. Data were expressed as mean ± SEM and considered significant at p < 0.05.
All other data were expressed as means ± standard deviations (SD) of a single value (SAS, Version 8.2; SAS Institute Inc., 1999, Cary, NC USA). Means of the results from treatment were compared by one-way analysis of variance. Treatment means were statistically compared by Tukey-Kramer multiple comparison test. Significance was declared at p < 0.05, p < 0.01 and p < 0.001.
Results
Percentage of the main components of the aromatic oils utilized in the trial is reported in Table 1 .
Body weight gain (BWG), average daily feed intake (FI), and feed conversion ratio (FCR) are presented in Table 3 . Significant increase of BWG was found in chickens fed with sage extracts within 17 -29 and 30 -42 days of the experiment.
Concentrations of serum total proteins, total immunoglobulins (Ig) and macroelements are shown in Table 4 . The changes of serum total proteins were determined on day 29 of the experiment with a significant increase in animals fed the sage extract. Activity of intestinal alkaline phosphatase in the jejunal microvillous zone is shown in Table 5 . Administration of sage extract to the experimental group of chickens resulted in a significant decrease of jejunal alkaline phosphatase activity on days 29 and 49 of the experiment.
Proliferative activity of enterocytes was significantly increased (p < 0.01) along the duodenal villi of chickens in the finisher period (42 days) after feeding the diet complemented with sage extracts (Table 6) .
Discussion
In order to optimize commercial conditions, the broilers were housed at a poultry production farm. Knowledge of the animal housing environment is essential for accurate interpretation of results from academic cage trials. Microbiological stresses on the animal are very important and they can be different in experimental cages than those encountered under current commercial conditions (Bedford 2000 Means with different superscript letters in the same column differ significantly at p < 0.05
Means with different superscript letters in the same line differ significantly at p < 0.001 Table 6 . Numbers of enterocytes in duodenum and jejunum measured by PCNA assay (means ± SD)
Our results demonstrated a positive effect of sage extract-supplemented diet on body weight gain (BWG) during the grower period (17-29 days of age) and the finisher period (30-42 days of age). The beneficial effect of growth promoter substances on performance is related to a more efficient use of nutrients which in turn results in an improved feed conversion ratio -FCR (Elwinger et al. 1993) . In this experiment, however, we found the tendency for improving FCR only in the experimental group during feeding. Similar results with significant changes in BWG and the lack of effect on FCR were obtained by García et al. (2007) who added hydroalcoholic plant extract from sage, thyme and rosemary leaves to the feed of broilers. A positive effect of aromatic oils isolated from sage and oregano on BWG in weaned pigs was also demonstrated by Marcin et al. (2006) .
Our experiment also showed an increased level of serum total proteins in blood plasma of chickens. Total proteins include blood plasma proteins synthesized mainly in the liver such as albumin, clotting proteins, and globulins with significant extrahepatic role (Grieninger and Granick 1975) . The sage extract is hepatoprotective and reveals anti-hepatotoxicity effect (Wynn and Fougére 2007) . Increased BWG in experimental animals might be partly the result of improved hepatic functions and quantitative changes of proteins for the maintenance and performance of the body.
Demand for energy and protein for gut maintenance is higher compared to other organs. A fast growing broiler devotes about 12% of the newly synthesized protein to the digestive tract (Xu et al. 2003) . Substances that are present in the digesta can lead relatively quickly to changes in the intestinal mucosa due to the close proximity of mucosal surface and the intestinal content. Activity of nutrient assimilation in the process of intestinal absorption is in close connection with the proliferative activity of enterocytes enhancing healthy tissue turnover and maintenance (García et al. 2007 ). The significant increase of enterocyte proliferation along the duodenal villi during the finisher period and the tendency for increased proliferative activity in other samplings found in our trial including some activity in the absorptive zone of villous epithelium demonstrate the beneficial properties of sage extract on proliferative ability of intestinal epithelial cells.
The current experiment demonstrated a significant reduction of mucosal alkaline phosphatase activity in chickens fed sage extract supplemented diet. The primary function of AP is splitting cholesterol and long chain fatty acids (Kaur et al. 1996) . Dietary feed additives have been shown to work by a number of different mechanisms such as their ability to modify gut microflora and endogenous secretion of enzymes (Jakob et al. 2000) . Borneol, a component of sage extract demonstrates beneficial properties stimulating the digestive system by increasing the production of gastric juices, and anti-inflammatory effects on the digestive system (Buchbauer et al. 1992; Juhás et al. 2008) . It has been suggested that quantitative and qualitative changes of gastric juices in animals treated with sage extract might cause more efficient digestion and transportation of lipids in enterocytes. The decrease in AP found in experimental animals indicates a down regulation of the expression of this enzyme due to the beneficial effect of sage extract.
Our hypothesis is supported by the effect of sage extract on fatty acid profiles in the blood and breast meat (Koreleski and Świątkiewicz 2007; Szewczyk et al. 2006) . Finally, the reduction of cholesterol has been observed in poultry (Wenk et al. 1998 ) and pigs (Szewczyk et al. 2006) .
In contrast, the increase in intestinal AP activity may precede the development of obesity (Mozeš et al. 2000) and there is also evidence indicating the inverse relation between intestinal AP and the rate of fat absorption in obese animals (Mozeš et al. 2007 ). Activities of intestinal AP can be also influenced by microflora (Whitt and Savage 1988) . For instance, sage demonstrates inhibitory activity in some bacterial strains (Marcin et al. 2006) .
In conclusion, the results demonstrate that proliferative ability of enterocytes was not in direct correlation with the content of intestinal AP in animals treated with sage extract. It is supposed that the decreased activity of intestinal AP was induced by more efficient digestion of lipids in the digestive tract. Higher performance of the body was probably the result of improved endogenous secretion of the liver as a consequence of increased total proteins. Because of possible interaction (synergism) between the constituents, it remains rather unclear what compound of the ethereal oil acts as stimulator of the endogenous digestive enzymes, hepatoprotectant, antimicrobial agent, immunomodulator, or an unknown factor. However, further understanding of the mechanisms of the relations between sage extract and host are required to clarify the role of the extract in gut physiology.
Vplyv šalviového extraktu na aktivitu alkalickej fosfatázy, proliferačnej aktivity enterocytov a rastové ukazovatele u kurčiat V priebehu 42 dní trvajúceho pokusu u kurčiat chovaných v komerčných podmienkach bol študovaný vplyv šalviového extraktu na aktivitu črevnej alkalickej fosfatázy, proliferačnú aktivitu enterocytov a rastové ukazovatele. Signifikantný (p < 0,05) nárast váhových prírastkov bol zistený u kurčiat po skrmovaní diéty obohatenej šalviovým extraktom počas fázy rastu (17-29 dní veku) a v konečnej fáze (30-42 dní veku). Celkové sérové proteíny boli signifikantne (p < 0,001 ) zvýšené u zvierat s prítomnosťou šalviového extraktu v diéte. Signifikantný (p < 0,01) pokles aktivity črevnej alkalickej fostatázy bol zistený na 29. a 42. deň života u kurčiat kŕmených diétou s prídavkom extraktu šalvie. Proliferačná aktivita enterocytov bola signifikantne zvýšená v konečnej fáze rastu v duodenálnych klkoch u zvierat s obsahom šalviového extraktu v diéte. Predpokladáme, že vyššie produkčné ukazovatele mohli byť spôsobené zvýšenou endogénnou sekréciou pečene, výsledkom čoho je aj zvýšenie celkových proteínov, hlavne v období rastu brojlerov. Pokles aktivity črevnej alkalickej fosfatázy nekoreloval s proliferačnou aktivitou enterocytov a nižšia aktivita alkalickej fosfatázy mohla byť ovplyvnená zvýšenou digesciou tukov.
